We present results from multi-wavelength study of intense flaring activity from a high frequency peaked BL Lac object Mrk 421. The source was observed in its flaring state on 
Introduction
Blazars constitute the most extreme sub-class of active galactic nuclei (AGN). The observed broad-band radiation from blazars is characterized by non-thermal emission extending from radio to very high energy (VHE) γ-rays. The detection of energetic γ-rays and rapid variability observed in many blazars suggest, the emission to arise from a relativistic jet oriented very close to the line of sight of the observer [1] . Under the current picture of AGN, the jet is powered by a super massive black hole at the center of host galaxy and accreting matter from it. Blazars are further classified into flat spectrum radio quasars (FSRQ) and BL Lacs depending upon the presence/absence of emission/absorption line features. Due to relativistic Doppler boosting, the non thermal emission from the jet dominates the entire spectral energy distribution (SED) of blazars. The radiation from blazars, over entire electromagnetic spectrum, is extremely variable at different time scales ranging from few minutes to years. The variability timescale of blazars can be used to constrain the emission region size through light travel time effects and also in understanding the underlying particle acceleration mechanisms [2, 3] .
The broad band SED of blazars consists of two peaks with the first one at IR/Optical/Xray energies and the second at gamma-ray energies [4] . The low energy component is commonly attributed to the synchrotron emission from the ultra-relativistic leptons in the jet. On the other hand, the physical mechanisms proposed to model the high energy (HE) component include: synchrotron self Compton emission (SSC models) [5] , Compton up scattering of external photons (EC models) from accretion disk [6] , broad line region (BLR) [7] , or cascades produced by high energy protons [8, 9, 10] . Therefore, γ-ray observations of blazars in flaring state along with simultaneous multi-wavelength data are important tools to validate the emission models.
Mrk 421 (z=0.031, 134 Mpc) is the first HBL observed in VHE range [11] . Since its detection, the source has been a frequent target for almost all existing ground based imaging atmospheric Cherenkov telescopes (IACTs) and also other MultiWavelength (MW) campaigns. Recent VHE observations of this source are reported by various groups [12, 13, 14, 15, 16] . Long term observations of Mrk 421 during 2009-10 with T ACT IC have been reported in [17] . The source was observed in high flaring state during February 2010 in X-ray and γ-ray bands [18, 19, 20, 21] .
The X-ray and HE γ-ray flares of this source during February 2010 observed by Swift and Fermi respectively have been studied by [22] . Crab Units with a variability timescale of few minutes [23] . The flaring episode comprising about 5 hours of observations, yields presence of a γ-ray signal at statistical significance of 256σ. The spectrum is described by a power law with 
, spectral index Γ = 2.05 ± 0.22 and an exponential cutoff energy E cut = 3.4 ± 0.6 TeV.
In the present work, we perform a detailed temporal study of the VHE data collected during February 10-23, 2010 with T ACT IC. We supplement this with near simultaneous MW data in low energy bands to study the bright TeV flare. In addition, we also present the results from the spectral study of the flaring data recorded While the shapes of roughly elliptical images are described by L and W parameters, their location and orientation in the telescope field of view are specified by D and α parameters respectively. Parameter F2 is defined as the ratio of sum of the two highest amplitude pixels to the total image size. The standard dynamic supercut procedure [29, 30] is used to segregate γ-like images from background images of cosmic-rays. The γ-ray selection criteria obtained on the basis of Monte Carlo simulations carried out for T ACT IC telescope are given in Table 1 . The γ-ray signal is extracted from cosmic-ray background using frequency distribution of α-parameter after applying the set of image parameter cuts presented in Table 1 . The distribution of α-parameter is expected to be flat for cosmic-ray background due to its isotropic behaviour, whereas for γ-ray events coming from a point source, the distribution is expected to show a peak at smaller α values. The present analysis of T ACT IC data from Mrk 421 direction during February 10-23, 2010 resulted in an excess of 737±87 γ-ray like events corresponding to a statistical significance Table 1 Dynamic Supercuts selection criteria used for analyzing the T ACT IC data. 
Fermi-LAT data
The Fermi-LAT (Large Area Telescope) is a pair production (e − e + ) telescope sensitive to γ-ray photons in the energy range 20 MeV-300 GeV [32] . The telescope fitted with a power law defined as:
where Γ is the photon index, N 0 is normalization constant, E min and E max are the lower and upper limits of the energy interval selected for Likelihood analysis. We derived the daily light curve and differential photon spectrum of Mrk 421 in the energy range 100 MeV-100 GeV using the methodology described above.
X-ray data
X-ray data were obtained with the telescopes on Swift [33] and MAXI [34] satellites. The Swift satellite is equipped with three telescopes: BAT (Burst Alert Telescope) covering the energy range 15-150 keV [35] , XRT (X-Ray Telescope) covering 0.2-10 keV energy band [36] , and UVOT (Ultra-Violet/Optical telescope) over the wavelength range 180-600 nm [37] . We used Swift-XRT archival data from MJD 55237 (February 10, 2010) to MJD 55250 (February 23, 2010) which were analyzed using xrtpipeline utility available with the HEASoft package. We produced the light curves and spectra for each day using spectral analysis package XSPEC. A daily average flux in the energy range 15-50 keV detected by Swift-BAT was obtained from online data archive 2 . We also used X-ray data in the energy range 2-20 keV observed by X-ray instrument onboard MAXI satellite from the website 3 .
Optical and Radio data
Fermi MW observing support program provides data publicly for regular or tar- 
Temporal study

Light curve analysis
The MW light curves of Mrk 421 during February 10-23, 2010 (MJD 55237-55250) in TeV, MeV-GeV, X-ray, optical and radio bands are shown in Fig. 2 (a-g ).
The source was observed in a high state in γ-ray and X-ray energy bands on February 16, 2010 (MJD 55243). Fig. 2(a) shows the daily averaged light curve of TeV photons detected with the T ACT IC. We observe that the TeV γ-ray flux starts in- Table 2 . We also use e-folding time scale method [40] 
Variability and Correlations
To quantify the flux variation in a given energy band, we deduce its fractional variability amplitude (F var ) given by [41] ,
where F is mean photon flux, S is standard deviation and σ 2 err is mean square error of N-flux points in the light curve. The error in fractional variability amplitude is then given by:
The fractional variability amplitude as a function of mean observational energy of different instruments is shown in Fig. 3 . Within the frame work of leptonic SSC model, the X-ray and γ-ray variabilities give information about the dynamics of relativistic electron population. From the figure, it is clear that the fractional variability amplitudes in various energy regimes are confined in the range 30-80%. The fractional variability measured in X-rays and TeV γ-rays is apparently higher than that observed in other energy bands. This further suggests that these energies may be associated with the same population of relativistic electrons with faster cooling rates, favouring synchrotron and SSC origin of X-rays and TeV γ-rays. Whereas, the emission at other energies, including MeV-GeV, may be associated with low energy electrons with slower cooling rates. However, with the large error bars it is difficult to quantify the exact energy dependence of the fractional variability amplitude during the present flaring activity of the source.
We also compute the variability amplitude parameter (A mp ) introduced by [42] to characterize the percentage variation in each light curve. The variability amplitude parameter (A mp ) is defined as:
where F max and F min are the maximum and minimum fluxes in each light curve and σ is average measurement error in the light curves. The fractional variability amplitude (F var ) and variability amplitide parameter (A mp ) for MW observations obtained in the present study are given in Table 3 . We further study the Pearson correlations between TeV and other simultaneous low energy emissions. The scatter plots for correlations with corresponding correlation coefficients are shown in Fig. 
4(a-f). We observe that variations at X-ray energies observed by Swift-XRT/BAT
and MAXI are strongly correlated with TeV γ-rays, supporting our earlier inference that the same population of electrons is responsible for emission at these energies.
Spectral analysis of flare on February 16, 2010
T ACT IC spectral analysis
We use one day data comprising of ∼ 5 hours of observation on Table 4 . The differential energy spectrum of γ-rays from Mrk 421, in the energy intrinsic TeV spectral index corresponds to a particle spectral index ∼ 3.6.
Fermi-LAT spectral analysis
The highest activity state of the source on Febrauary 16, 2010 was also observed by
Fermi-LAT in the energy range 0.1-100 GeV with TS value 87 corresponding to statistical significance of 9.3σ. The LAT differential energy spectrum of the source during the flare has been obtained by dividing the LAT energy range into four en- 0.13. Again, if we consider an IC origin of photons above 100 MeV from a power law distribution of electrons, this spectral index corresponds to a particle index ∼ 2.2. This particle index is considerably flatter than the one obtained from TeV spectral analysis and it cannot be associated with cooling effect, since their difference is not unity. Hence, the underlying particle distribution may be a broken power law probably resulting from multiple acceleration processes [45] . Table 5 Paremeters of intrinsic differential energy spectrum of Mrk 421 fitted with power law [43] . To reproduce the broad band SED we adopt a model described in [47] where the emission region is assumed to be a spherical blob moving down the jet with bulk Lorentz factor Γ. The radius of blob R is constrained by variability time scale (t var ) using the relation:
where δ = [Γ(1 − βcosθ)] −1 , is the Doppler factor with β as the dimensionless bulk velocity and θ is angle between the jet axis and line of sight of the observer.
Since blazar jet is aligned close to the line of sight, we can approximate δ = Γ corresponding to a viewing angle θ = cos −1 (β). Based on our temporal study, we consider t var ∼ 1 day to constrain the size of emitting region. The emission region is populated uniformly with a broken power law electron distribution described by:
where K is the normalization, γ b m e c 2 is the break energy with m e as the electron rest mass, p1 and p2 are the power law indices before and after the break energy γ b m e c 2 . γ min m e c 2 and γ max m e c 2 are the minimum and the maximum electron energies of the distribution. The particles lose energy through synchrotron emission in a magnetic field B and synchrotron self Compton emission. The magnetic field energy density is considered to be in equi-partition with that of electrons,
where
eq /8π is the magnetic field energy density and U e is the particle energy density. Due to relativistic bulk motion, the radiation from the emission The varaiability studies in various energy bands (Fig.3) [50] . They conclude that the shock acceleration is dominant in low activity state, while stochastic turbulence acceleration is dominant in flaring state.
Whereas, Mastichiadis et al. (2013) have studied the origin of γ-ray emission in blazars within the context of the lepto-hadronic single zone model [51] . They find that γ-ray emission can be attributed to synchrotron radiation either from protons or from secondary leptons produced via photohadronic process. These possibilities imply differences in the X-ray and γ-ray variability signatures.
The time averaged broad band SED of Mrk 421 during the flare can be well repro-duced under the framework of simple one zone SSC model. The resulting parameters from the SED modeling are consistent with the source parameters used in SSC model reported in the literature [48, 49] . From these parameters we estimate the kinetic power of the jet (P jet ) by assuming that the emission region is also populated with cold protons equal in number as that of the non thermal electrons. The power of the jet can then be approximated as [52] P jet ≈ πR 2 Γ 2 βc(U p + U B + U e )
where U p , U B and U e are cold proton energy density, magnetic field energy density and electron energy density in the rest frame of emission region respectively. The obtained jet power (P jet =10 44 erg/s) is consistent with the one generally assumed for blazars and is much larger than the power released in the form of radiation (P rad =10 42 erg/s). Hence at blazar zone only a small fraction of the jet kinetic energy is utilized in radiation and most of the energy is spent in driving the jet upto Mpc scale. Eventhough, the obtained model parameters are consistent with the general accepted values for Mrk 421, they differ considerably from the one reported by [20] during the same flaring episode. We note that the primary reason for this difference is due to the constraint introduced through equi-partition condition (equation 8). Since equi-partition assures that the system is under minimum energy state (stable) [53] , the parameters obtained in the present work may be the more probable ones. However, it is also to be noted that many blazars do not satisfy the equi-partition condition during a flare [54] . Most of these uncertanties regarding the emission models and underlying parameters can be resolved by detailed modelling of blazar light curves using complex algorithms. However such work would involve large number of parameters and future simultaneous MW observations of blazars during flare can be used to estimate/constrain these parameters.
